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Abstract 

The pollen morphology of the eighteen New Zealand members of the family 
Myrtaceae is described. The New Zealand members of most genera are found to 
have pollen distinguishable from that of members of the other genera, but there 
are no marked differences between the pollen of the endemic genera Lophomyrtus 
and Neomyrtus. The pollen of species within a genus is usually distinguishable 
only with difficulty, if at all. 

The taxonomic position of Eugenia rnaire is considered in relation to pollen 
morphology. 

The effect of different treatments on the size of pollen grains is considered 
and the acetolysis method is found to vary considerably in its effects, but used 
with care it is as satisfactory as any of the other standard methods. 

The prospect of the identification of genera and species from pollen in Quater¬ 
nary sediments and the usefulness of such identifications as indicators of climate 
and vegetational history are discussed. Examples are given from a small number 
of samples of Post-Glacial age. 


Introduction 

The family Myrtaceae contains some 80 genera with about 3,000 species, mostly 
tropical and subtropical. Five genera with a total of 18 species occur in the New 
Zealand region, and all species are apparently endemic (Allan, 1961). The 
genera Neomyrtus (one species) and Lophomyrtus (two species) are endemic to 
New Zealand. The eleven species of Metrosideros in the region, including one 
from the Kermadec Islands, constitute about half the total number of species in 
that genus, which occurs also in Australia, Polynesia and Indo-Malaya. Of the 
35 species of the predominantly Australian genus Leptospermum three are found 
in New Zealand, and of approximately 800 species of the genus Eugenia New 
Zealand has only one. 

Pollen of the family Myrtaceae is found in varying amounts in many New 
Zealand Cainozoic sediments, especially Quaternary, and in many samples is the 
dominant pollen type. Couper (1953, 1960) recorded the genera Metrosideros, 
Myrtus (s.l) and Leptospermum , but did not give any specific identifications. 

* This paper represents the results of a study undertaken at Victoria University of Welling¬ 
ton and submitted for the degree of Master of Science in Botany. 


Published by the Royal Society of New Zealand, c/o Victoria University of 
Wellington, P.O. Box 196 ? Wellington. 
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Members of the Myrtaceae play an important part in the vegetation of New 
Zealand and some species occupy distinct positions. It was considered worthwhile, 
therefore, to make a detailed examination of the pollen of the New Zealand 
Myrtaceae to determine whether the pollen of the genera and species is sufficiently 
distinct to enable generic and specific identifications to be made. If such identifica¬ 
tions can be made they should prove of use in studies of fossil material and assist 
in fuller interpretation of past vegetational history and its relation to the present 
day vegetation. 

This study concerns primarily the New Zealand members of the Myrtaceae. 
The results from this pollen morphological study are discussed in relation to 
identification of fossil material and are applied to a small number of Quaternary 
samples. 

The classification followed is that of Allan (1961). 

Historical 

Selling (1947) and Erdtman (1952) list references to the earlier descriptions 
and illustrations of pollen grains of the Myrtaceae. 

The genera of Myrtaceae represented in New Zealand were included in the 
key to pollen of the native flora by Cranwell (1942). Metrosideros robusta was 
illustrated. In 1953 Cranwell illustrated Eugenia maire. Erdtman (1943) de¬ 
scribed and illustrated Metrosideros polymorpha. Selling (1947) described and 
illustrated the Hawaiian species of Eugenia and Metrosideros , and gave generic 
diagnoses. Erdtman (1952) investigated 45 species from 30 genera, and among 
the species described are Leptospermum scoparium and Metrosideros linearis , the 
latter being illustrated. In 1953 Couper gave generic diagnoses for and illustrated 
Metrosideros and Leptospermum , and in 1960 he illustrated Metrosideros excelsa 
and Lophomyrtus bullata. 

Pike (1956) summarized, in tabular form, the characteristic features of 300 
species from 71 genera of the family, mainly species from the south-west Pacific. 
New Zealand species included are: Leptospermum scoparium (illustrated), Lopho¬ 
myrtus bullata (illustrated), L. obcordata, Metrosideros excelsa (illustrated), 
M. umbellata (M. lucida) , and M. perforata (M. scandens Sol. ex Gaertn.) 

Methods and Measurements 

Anthers from partly or fully opened flowers from both herbarium and freshly 
collected specimens were used in the preparation of pollen slides. Three methods 
of preparation were used: (a) Direct method: after treatment with alcohol 
(Wodehouse, 1935: 106-8) the pollen was mounted in fuchsin stained glycerine 
jelly; (b) Acetolysis method: the pollen was mounted in glycerine jelly after 
treatment by acetolysis (Erdtman, 1943) and staining with either fuchsin or 
safranin; (c) KOH method: the pollen was boiled gently for 10 minutes in 10 
per cent potassium hydroxide, washed in distilled water, then mounted in glycerine 
jelly. 

The pollen grains were measured at a magnification of 500 times to the 
nearest half division of an ocular micrometer on which one division equals 2.75 
microns. The measurements used were equatorial diameter (measured from an 
angle to the side opposite) and polar diameter (measured from pole to pole). 
Because of the oblate form of the pollen (equatorial diameter greater than polar 
diameter) the majority of the grains were oriented on the slides with one of the 
poles uppermost (polar diameter vertical) and it was often not possible to obtain 
many polar diameter measurements. The majority of pollen characters in these 
grains can be seen when the grains are in polar view and the equatorial diameter 
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is the more important, and in this study size ranges for identification of genera 
and species are based mainly on this measurement. In each slide the equatorial 
diameters of either 50 or 10 grains were measured. 

With each species description are given the known ranges of equatorial (E) 
and polar (P) diameters in (a) direct, (b) acetolysis and (c) KOH preparations. 
The figures, which are derived from all measurements made for each species, are 
given to the nearest micron and indicate the size range, with the mean in brackets. 
All species descriptions are based on acetolysed grains. 

The information obtained from the size range and the mean is supplemented 
by that obtained from the standard deviation. This is a measure which, if added 
to and subtracted from the mean, will give a size range within which at least 
65 per cent of the grains will fall. Methods of calculating the standard deviation 
are given by Chambers (1948) who also notes that if the number of observations 
is large the standard deviation should be approximately one sixth of the range. 

The size of the apocolpia and the thickness of the exine could be measured 
with reasonable accuracy only on acetolysed grains. Exine thickness was measured 
with a Leitz eyepiece screw micrometer to the nearest tenth of a micron. The 
measurements of exine thickness were made along the amb of grains in polar 
view. The polar area index is the figure obtained by dividing the size of the 
apocolpia, seen only in polar view, by the equatorial diameter. As there are no 
apocolpia in syncolpate grains there is no polar area index. 

All photographs and drawings are reproduced at a magnification of 2000 X 
and are of acetolysed grains. The photographs are from untouched negatives and 
were taken by the author using an oil immersion objective (100 X: N.A.1.32). 

Pollen Morphology 

General. Selling (1947) noted that the main characteristics of myrtaceous 
pollens had been described as early as the first half of the 19th century. Family 
descriptions for pollen of the Myrtaceae were given by Selling (1947) and Erdt- 
man (1952). The latter author remarked that the Myrtaceae is “ a ± steno- 
palynous family”. However, Pike (1956) found that “a greater variation than 
was previously envisaged has been revealed by the pollen of some rarer species ” 
and noted that the size range of 6-50/a was larger than shown by earlier studies. 
Pike also gave an amended family description based on material from 71 genera, 
mainly from the south-west Pacific. Her description is as follows: “In general, 
the pollen grains are small to medium, radiosymmetrical, isopolar to slightly 
subisopolar, tricolporate (occasionally di- or tetracolporate, rarely pentacolporate), 
angulaperturate, oblate (sometimes peroblate or subspheroidal), syncolpate or 
parasyncolpate, with a triangular amb and a smooth or faintly patterned exine 
surface. The exine is two-layered; generally the nexine is thicker than the sexine, 
but it may be of the same thickness or thinner.” 

Pike also noted that three types of grain may be distinguished by differences 
in the nature of the colpi. (i) Longicolpate grains, (ii) Syn- or parasyncolpate 
grains, (iii) Brevi- or brevissimicolpate grains. The New Zealand members of 
the family have pollen grains of the normal type and belong to groups (i) and 
(ii). 

Size. Pollen of the New Zealand species has a size range of 9 to 25 microns, 
but there are very few grains under 12/a or over 22/x. 

Shape : The equatorial axis is in every case longer than the polar axis. The 
shape of the grains varies from peroblate to oblate and to oblate-spheroidal as the 
length of the polar axis increases relative to the equatorial axis, but the majority 
of grains are oblate. Most grains are triangular in polar view and the apertures 
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are situated at the angles. Tetracolporate grains are square and dicolporate 
grains elliptical in polar view. The angles are acute, as in Eugenia maire , or 
somewhat truncate or rounded. The sides of the amb aie convex (e.g., PI. 
fig. 10), straight (e.g., PI. 2, fig. 8), or concave (e.g., PI. 2, fig. 2). In all the 

species examined one, or at most two, of these types tends to predominate. 

Exine : The exine is rather thin, being between 0.5 and 1.5 microns in thick¬ 
ness. Not more than half of this range is found in any one species. The ectexine 
and the endexine are of approximately equal thickness, but these two exine layers 
are often not distinguishable, especially in Leptospermum, and they are extremely 
difficult to measure, even at magnifications as high as 1600 X- It is not possible 
to discern structural elements in the exine of any of the species. The exine of 
Metrosideros and Leptospermum is generally smooth (e.g., PI. 2, fig. 6; PI. 2, 
fig. 3), but on some grains a very faint pattern is present (e.g., PI. 2, fig. 15; 

PI. 2, fig. 1). The interpretation of this pattern is uncertain but apparently the 

exine is usually tectate on smooth grains. The exine on sculptured grains is prob¬ 
ably intectate with numerous small areas of ectexine missing and alternating with 
similarly sized areas where the ectexine is present. At extreme high focus this 
sculpture shows as a faint LO pattern changing to a rather obscure OL pattern 
at a focus only fractionally lower. The exine of Eugenia maire generally has a 
similar pattern which, however, is often slightly coarser. (Fig. 1, PI. 1 , fig. 2.) 
In optical section in direct, acetolysis and KOH preparations, the ectexine of 
Eugenia can often be seen to be buckled and separated from the endexine along 
the sides of the amb (PI. 1, fig. 1). In the other genera this feature occurs only 
occasionally and is much less noticeable. It was not recorded by Pike (1956) 
but is shown by her photograph of Phymatocarpus porphyrocephalus. In Lopho- 
myrtus and Neomyrtus the sculpture of the exine is considerably coarser than in 
the other genera and a definite LO pattern can be seen at highest focus (Fig. 1; 
PI 1, figs. 12, 15). The areas of ectexine are larger as are the areas lacking 
ectexine and in optical section places where ectexine is absent can be seen. The 
exine is intectate and shows clearly, but in larger scale, the features seen in 
Eugenia , Metrosideros and Leptospermum. Occasionally, in Eugenia (PI. 1 } 
fig. 2) and Metrosideros (e.g., PL 2, fig. 2) the apocolpia show sculpturing very 
similar to that in Lophomyrtus and Neomyrtus and this lends further support to 
the conclusion that the exine of sculptured grains is intectate. 

Apertures : The grains of the New Zealand species are usually tricolporate 
but di- and tetracolporate grains are not uncommon and rare pentacolporate 
grains occur in Eugenia maire. The apertures are of the type typical of the 
family, and consist of a meridionally elongated furrow (colpus) running from the 
angles towards the pole and a smaller equatorially elongated (lalongate) aperture 
(os) which is at right angles to, and overlain by, the colpus. The ora are about 
l-lf-L long by 3-6/a wide, with either a smooth or an irregular outline, and they 
perforate only the endexine. The colpi are about J— 1 /.c wide and perforate only 
the ectexine. 

Wodehouse (1932), in discussing Eucalyptus , stated: “Neither the pore nor 
the furrow of these grains function in accommodating volume changes. This 
function is obviously taken over by the flattened polar surfaces which, by becom¬ 
es more or less arched, can easily compensate for any increase or decrease in 
size . Volume change is certainly accomplished by arching and flattening of the 
polar surfaces but the colpi, by their very nature, as thinner and probably weaker 
places in the exine, almost certainly play some part in this rise and fall of the 
polar surfaces. However, Wodehouse apparently regarded the colpi as short and 
not extending on to the polar surfaces. This subject is considered in the next 
section. 
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Nature of the Polar Surface Markings : The markings of the polar surfaces 
were considered to be parts of the colpi by Mohl (1835), Fischer (1890), Potonie 
(1934), Erdtman (1952), Cranwell (1953) and Pike (1956) but Selling (1947) 
regarded them as thickenings of the exine and called them arci. Couper (1953) 
apparently followed Selling and stated that the colpi were short and the arci 
distinct in Leptospermum and Metrosideros. The polar markings are here con¬ 
sidered to be parts of the colpi and, therefore, to be in the form of narrow, 
shallow grooves in the exine, not lines of thickened exine. That the markings 
are grooves can be demonstrated by the LO-analysis method (Erdtman, 1952, 
1956) in which exine features are seen to have different light and dark patterns 
at different adjustments of the microscope. At the very highest adjustment raised 



Fig. 1.—Surface views and cross sections of Myrtaceae pollen to show shape, sculpture, 

exine and apertures. 

a., Eugenia maire, polar view, b., E. maire, equatorial view, c., E. maire , pattern analysis, 
d., Metrosideros robusta, polar view, e., M. robusta , equatorial view, f., M. fulgens , polar 
view, g., Lophomyrtus bullata , polar view, h., Neomyrtus pedunculata, polar view, i., 
A r . pedunculata , equatorial view, j., N. pedunculata, pattern analysis, k., Leptospermum 
scoparium , polar view. 1, L. scoparium , equatorial view. m., L. ericoides , polar view. 
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areas should appear bright and sunken areas dark. In the members of the 
Myrtaceae examined the colpi appear as dark lines boidered on either side by a 
very narrow bright line at highest adjustment of the micioscope (PI. 1 ? fig 2; 
PL 2, fig. 6). At a slightly lower adjustment the colpi appear as bright lines (PI. 1 } 
fig. 3; PI. 2, fig. 7). The same pattern is seen throughout the length of the colpi— 
i.e., from the equator to the pole, and it is certain that the colpi are grooves with very 
narrow, slightly raised borders, an effect probably caused by curvature of the 
grain. At no stage are the colpi seen as bright lines in highest microscope adjust¬ 
ment as would be expected if they were thickenings of the exine. That the colpi 
are grooves can be seen in optical sections across the colpi of grains in equatorial 
view. The ectexine is missing in the colpi but is present on either side. 

Cranwell (1953) considered that where the colpi fused, “islands” of ectexine 
were formed over the poles. This is often the case but it is not always so, and the 
ectexine may be missing from the apocolpia as it is missing from the colpi (e.g., 
PL 2, fig. 3, 15). In some species of Metrosideros the ectexine is missing from 
the apocolpia of over half the grains and all species examined have the ectexine 
missing from the apocolpia of at least ten per cent of the grains. Sometimes the 
ectexine is present only as a group of small ‘islands’ (e.g., PL 2, fig. 8). (Fig. 1 
shows the three types of apocolpia.) 

Descriptions of Pollen 
Eugenia L. 

Eugenia maire A. Cunn. (Fig. la, b, c; Fig. 2; PL 1, figs. 1-7.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles acute, sides of 
amb concave to convex; angulaperturate, generally tricolporate (occasionally di- 
or tetracolporate, rarely pentacolporate), parasyncolpate, colpi long, narrow, ora 
lalongate, ectexine separated from endexine at angles to form vestibules between 
colpi and ora, endexine on floor of vestibule concave, ectexine protruding, 
apocolpia with ectexinous “islands”, polar area index 0.2-0.5; exine 0.9-1.2 /a 
thick, patternless, tectate, or faintly sculptured, intectate, with LO-pattem, ect- 
and endexine of approximately equal thickness, ectexine sometimes buckled along 
sides of amb and gaps (sacci ?) left between ect- and endexine. 

Size Ranges: E P 

(a) 12 (16) 19—(25)/x 11 (13) 15^ 

(b) 12 (17) 21//. 7 (9) 13/i 

(c) 14 (16)19/. 

Material. 112-115 Soil Bureau, Taita; 151 Quartz Hill, Makara; 159 Wai- 
kanae; 194-197 Catchpool Stm Wainui-o-mata; 198, 199, Silverstream, Welling¬ 
ton; 205 Wainui-o-mata, VUW.* 

Lophomyrtus Burret 

L. bullata (Sol. ex A. Cunn.) Burret (Fig. lg; Fig. 2; Plate 1, figs. 8-10.) 

Free, radiosymmetric, isopolar; oblate to peroblate, amb triangular, angles 
rounded or truncate, sides of amb slightly concave to convex; angulaperturate, 
tricolporate (occasionally di- or tetracolporate), parasyncolpate or longicolpate, 

* Numbers before the locality refer to slide numbers (slides at Botany Department, Victoria 
University of Wellington, or Paleo-botany Section, New Zealand Geological Survey, 
Lower Hutt). WELT and number refer to the sheet number of a specimen in t e 
Herbarium of the Dominion Museum. VUW refers to specimens in the Herbarium, 
Botany Department, Victoria University of Wellington. Samples not otherwise labelled 
are now deposited in the Herbarium, Botany Department, Victoria University oi 
Wellington. 
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colpi long, narrow, ora lalongate, vestibules if present very small, apocolpia small, 
polar area index 0.3-0.4; exine 0.6-0.8/x thick, scabrate, intectate, with LO- 
pattern, sculpture variable, usually definite but hardly visible on some grains and 
usually less pronounced near angles, ect- and endexine of about equal thickness 
but often not distinguishable. 

Size Ranges E P 

(a) 12 (16) 19 ix 5 (8) 13/x 

(b) 14 (16) 19/x 8 (10) 13^ 

(c) 14 (16) 19/x 

Material. 67-71 Gollans Valley; 98-100 Wadestown; 102 Eastbourne; 121 
Botanical Gardens, Christchurch; 146 Pauatahanui; 169 Waikanae. 

L. obcordata (Raoul) Burret (Fig. 2). 

Free, radiosymmetrie, isopolar; oblate to peroblate, amb triangular, angles 
rounded or truncate, sides of amb slightly concave to convex; angulaper.turate, 
tricolporate (occasionally di- or tetracolporate), parasyncolpate or longicolpate, 
colpi long, narrow, ora lalongate, vestibules if present very small, apocolpia small, 
polar area index 0.2-0.3; exine 0.6-1.0/x thick, scabrate, intectate, with LO pattern, 
sculpture variable, usually definite but hardly visible on some grains and usually 
less pronounced near angles, ect- and endexine of about equal thickness but often 
not distinguishable. 

Size Ranges E P 

(a) 12 (16) 19/x 9 (11) 14/x 

(b) 12 (16) 21 ji 5 (7) 10/x 

(c) 14 (16) 19/x 

Material. 61 Pohangina; 90 Butterfly Creek; 91 Foxton; 92, 93 Ashurst; 
123 Palmerston North; 162 Botanical Gardens, Christchurch; 207 VUW; 225 
Mt. Pleasant, Canterbury WELT; 226 Lyttleton, Petrie Herb. WELT; 227 
Wellington, T. Kirk, 1029 WELT; 228 Dunedin, WELT; 229 Whakatane Petrie 
Herb., WELT. 

In discussing the tribe Myrtinae, Pike (1956) stated “usually the grains are 
longicolpate, but when the colpi are continuous they are parasyncolpate.” Pike 

recorded the pollen of Lophomyrtus as longicolpate, but the present study has 

shown that longicolpate grains are rather rare. The majority are parasyncolpate 
but very often the colpi are obscured after bifurcation by the sculpturing on the 
polar surfaces. 


Neomyrtus Burret 

N. pedunculata (Hook, f.) Allan. (Fig. lh, i, j; Fig. 2; Plate 1, figs. 11-15.) 

Free, radiosymmetric, isopolar; oblate to suboblate, amb triangular, angles 
rounded or truncate, sides of amb slightly concave to convex; angulaperturate, 
tricolporate (occasionally di- or tetracolporate), longicolpate to parasyncolpate 
(occasionally syncolpate), colpi long, narrow, ora lalongate, vestibules if present 
very small, apocolpia small, polar area index 0-0.3; exine 0.7-0.9/x thick, scabrate, 
intectate, with LO-pattern, sculpture variable, usually definite but hardly visible 
on some grains and usually much less pronounced near angles, ect- and endexine 
of about equal thickness but often not distinguishable. 

Size Ranges E P 

(a) 12 (16) 18/x 7 (11) 14/x 

(b) 14 (16) 19/x 7 (11) 14 A c 

(c) 14 (15) 19/x 
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Material 89 Butterfly Creek; 101 Wadestown; 119 Tuatapere; 230 Tere- 
rnakau^Valley Cockayne Herb. 5800, WELT; 231 Mangonui Petrie Herb. WELT; 
2?2 233 Siedin, Petrie Herb. WELT; 234 Tarawera, Petrie Herb. WELT 
liSwiey, WELT; 236 M. Cargill, Petrie He*. WELTjl237 Mt 
Cockayne Herb. 5801, WELT; 238 Dunedin Cockayne Herb. 5809, WELT. 


Leptospermum J. R. et G. Foist. 

L. scoparium J. R. et G. Forst. (Fig. Ik, 1; big. 2; Plate 2, figs. 1, 2, 4.) 

Free, radiosymmetric, isopolar; oblate to oblate-spheroidal, amb triangular, 
angles rounded or somewhat truncate, sides of amb concave to convex (over 90% 
concave or slightly concave); angulaperturate, tricolporate (occasionally di- or 
tetracolporate), syncolpate, occasionally tending to be parasyncolpate, colpi long, 
narrow, ora lalongate, vestibules if present very small, apocolpia if present very- 
small; exine 0.5-0.8m thick, patternless or very faintly sculptured, LO-pattern 
faint, ect- and endexine of about equal thickness but usually not distinguishable. 

Size Ranges E P 

(a) 11 (14) 17ju 7 (10) 1 lju. 

(b) 11 (14) 18ju 5 (9) 13 M 

(c) 12 (14) 15 m 

Erdtman (1952) noted that L. scoparium had more or less concave sides, but 
Pike (1956) recorded the sides as straight. Acctolysed material was used in both 
cases. 


L. scoparium var. incanum Ckn. 

The pollen from the only sample obtained is similar to that normal for the 
species in all respects except size and averages 2/x larger. Size ranges for equatorial 
diameter are (a) 14 (16) 18/x; (b) 14 (16) 18/x 

Material. 6-9 Haywards; 10, 11, 72, 73 Eastbourne; 15-19 Stokes Valley; 
24-27 Kaitoke, Wellington; 103 Pakuratahi, Wellington; 116 Orakei Korako; 117 
Lower Kokatahi; 166 Woodside Creek Ure R.; 168 Piako; 176, 177 Days Bay; 179 
Blue Mountain Stream, Ure R.; 180 Netherby, Waikato; 189 Lake Pukaki; 201 
Urenui; 202 Awakino R.; 190 Kaitaia. 


L. ericoides A. Rich. (Fig. lm; Fig. 2; Plate 2, figs. 3, 5.) 

Free, radiosymmetric, isopolar; oblate to oblate-spheroidal, amb triangular, 
angles rounded or truncate, sides of amb concave to convex (50% concave or 
slightly concave); angulaperturate, tricolporate (occasionally di- or tetracolporate), 
syncolpate or very often parasyncolpate with very small apocolpia formed where 
the colpi widen slightly at the poles, no ectexine on apocolpia, colpi long, narrow, 
ora lalongate, vestibules if present very small; exine 0.5-0.8/x thick, generally pattern¬ 
less but sometimes very faintly sculptured, LO-pattern faint, ect- and endexine of 
approximately equal thickness but usually not distinguishable. 


Size Ranges E 

(a) 11 (13) 15/x 

(b) 11 (13) 15/x 

(c) 11 (13) 15/x 


P 

7 (10) 11/LX 
5 (8) 11 /x 


L. ericoides var. microflorum Simpson. 

Pollen similar in all respects to that normal for the species. 

Material. 2-5 Waikanae; 12, 13 Eastbourne; 20-23 Stokes Valley; 63, 64 
Botanical Gardens, Wellington; 94-97 Wadestown; 178 Blue Mountain Stm, Ure 
R.; 181 Lake Waikare. 
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L. sinclairii Kirk. (Fig. 2.) 

Free, radiosymmetric, isopolar; oblate to oblate-spheroidal, amb triangular, 
angles rounded or truncate, sides of amb concave to convex (40% straight); 
angulaperturate, tricolporate (rarely di- or tetracolporate), syncolpate or often 
parasyncolpate with very small apocolpia, colpi long, narrow, ora lalongate, vesti¬ 
bules if present very’ small; exine 0.5-0.8/a thick, patternless or only very faintly 
sculptured, LO-pattern very faint, ect- and endexine of approximately equal 
thickness but usually not distinguishable. 

Size Ranges E p 

(a) 9 (13) 14 /a 7 (9) 11/a 

(b) 9 (12) 15/a 7 (8) 11/a 

(c) 11 (12) 14/a 

Material. 206 Great Barrier Is. VUW; 216-218 Mt. Young, Gt. Barrier 
Is., T. Kirk 958, 960, 959, WELT; 219 North Auckland WELT; 220 Great 
Barrier Is., Petrie Herb. WELT; 221 Mt. Young, Great Barrier Is. WELT 6745; 
222 Great Barrier Is., Cheeseman Herb. WELT; 223 Three Kings Is., Cheeseman 
Herb. WELT; 224 Parua Bay, Petrie Herb. WELT. 


Metrosidcros Banks ex Gaertn. 

M. robusta A. Cunn. (Figs. Id, e, 3, 4; Plate 2, figs. 6-10.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 
truncate, sides of amb concave to slightly convex; (90% slightly concave or 
straight) angulaperturate, generally tricolporate (occasionally di- or tetra-, rarely 
pentacolporate), parasyncolpate, colpi long, narrow, ora lalongate, vestibules if 
present very small, ectexinous islands present on apocolpia of 95% of grains, polar 
area index 0.2-0.4; exine 1.0-1.5/a thick, patternless or faintly sculptured, cct- 
and endexine of approximately equal thickness, usually visible. 

Size Ranges E P 

(a) 16 (19) 22/a 12 (15) 18/a 

(b) 16 (20) 25 /a 9 (14) 18/a 

(c) 15 (19) 22/a 

Material. 1, 14, 59, 60 Lower Hutt; 144 Moonshine; 182 Raglan; 244 
Whanganui Inlet WELT 7756; 245 North Island, Petrie Herb. WELT: 246 
Mahurangi, T. Kirk 1014 WELT; 247 Auckland, Petrie Herb. WELT. 

M. excelsa Sol. ex Gaertn. (Figs. 3, 4; Plate 2, figs. 12-13.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 
truncate, sides of amb slightly concave to slightly convex (90% straight) ; angul¬ 
aperturate, generally tricolporate (rarely di- or tetracolporate), parasyncolpate, 
colpi long, narrow, ora lalongate, vestibules if present very small, ectexinous 
islands present on apocolpia of 85% of grains, polar area index 0.2—0.4: exine 
0.9-1.2/a thick, ect- and endexine of approximately equal thickness, usually visible. 

Size Ranges E 

(a) 16 (19) 22/a 

(b) 16 (19) 22 /a 

(c) 16 (19) 21 /a 

Material: 28 Waikanae (Cult); 28, 30. 37-52 Lower Hutt (Cult): 286 
Coopers Beach. 

M. kermadecensis W. R. B. Oliver. (Figs, o, 4; Plate 2. fig. 11.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 


P 

14 (16) 19/a 

8 (12) 18/a 
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truncate, sides of amb slightly concave to slightly convex (90% straight); angul- 
aperturate, tricolporate, parasyncolpate, colpi long, narrow, ora lalongate, vesti¬ 
bules if present very small, ectexinous islands present on apocolpia of 50% of 
grains but the islands are nearly always very small or incomplete, polar area index 
0.2-0.4; exine 1.1-1.4/a thick, often slightly thicker at angles, patternless or faintly 
sculptured, ect- and endexine of approximately ecjual thickness, usually visible 

Size Ranges E P 

(a) 15 (19) 22 /a 11 (14) 17/a 

(b) 15 (18) 21 /a 11 (12) 14/a 

Material. 105 Kapiti Is. (Cult.); 208 Kermadec Is. VUW; 255, 256 Ker- 
madec Is., Petrie Herb., WELT; 257 Auckland (Cult.) Petrie Herb. WELT; 258, 
259 Kermadec Is. Cheeseman Herb. WELT: 260 Kermadec Is. Cheeseman Herb. 
1024, WELT. 

M. umbellata Cav. (Figs. 3, 4; Plate 2, fig. 15.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 
truncate, sides of amb concave to slightly convex (70% straight) ; angulaperturate, 
tricolporate, parasyncolpate, colpi long, narrow, ora lalongate, vestibules if present 
very small, ectexinous islands present on apocolpia of only about 30% of grains, 
polar area index 0.2-0.3; exine 0.7-1.2/a thick, patternless or very faintly sculp¬ 
tured, ect- and endexine of approximately equal thickness, often not distinguish¬ 
able. 

Size Ranges E P 

(a) 14 (17) 19/a ll (13) 15 /a 

(b) 14 (17) 21 /a 9 (11) 14/a 

(c) 14 (17) 19/a 

Material. 53 Lower Hutt; 130 Lake Matheson; 131 Tuatapere; 132-134 
Hokitika; 212 Caswell Sound, VUW; 213 VUW; 239 Auckland Is. Petrie Herb. 
WELT; 240 Glentui Bush, Canterbury, Cockayne Herb., WELT; 241 Doubtful 
Sound, WELT; 242 Catlins R., Petrie Herb. WELT; 243 Paterson Inlet, Stewart 
Is. Petrie Herb. WELT. 


M. parkinsonii Buchan. (Figs. 3, 4 .) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 
truncate, sides of amb concave to slightly convex (70% concave or slightly con¬ 
cave) ; angulaperturate, tricolporate (occasionally di- or tetracolporate), para¬ 
syncolpate, colpi long, narrow, ora lalongate, vestibules if present very small, 
(ctexinous islands present on apocolpia of only 40% of grains, polar area index 
0.2—0.3, exine 0.7—1.0/a thick, patternless or faintly sculptured, ect- and endexine 
of appi oximately equal thickness, often not distinguishable. 


Size Ranges E p 

(a) 14 (17) 19 /a 9 ( 12 ) 14u 

(b) 14 (17) 21 M 7 ( 9 ) 13/x 

1"^' * 64 ° tari Plant Museum (Cult.); 276 Stillwater, WELT; 277 

^° 1 c 1 hford ' Westport, Petrie Herb. WELT; 278 Seddonville, WELT 7721; 279. 
280 Colling wood, T. Kirk i003, 1001, WELT; 281 Bucklands Peaks, S.W. Nelson. 

Petrie Herb. \\ EL I ; 282 Westport-Denniston Road, WELT 7725; 284 Little 
Barrier Is. 


M. albiflora Sol. ex Gaertn. (Figs. 3 , 4 .) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or trun- 
ca e, si ° am concave to convex (90% straight) ; angulaperturate, tricolporate, 
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parasyncolpate, colpi long, narrow, ora lalongate, vestibules if present very small, 
ectexinous islands present on apocolpia of 65% of grains, polar area index 0.2-0.3; 
exine 0.6-0.9/t thick, patternless or faintly sculptured, ect- and endexine of approxi¬ 
mately equal thickness, often not distinguishable. 

Size Ranges E P 

(a) 15 (16) 18/* 9 (11) 13/* 

(b) 14 (16) 19/* 7 (9) 11/* 

(c) 15 (16) 18 ; * 

Material. 129 Maungatautari; 209 Thames VUW; 261, 212 Fairburns, 
Petrie Herb. WELT; 263 Kamo, Petrie Herb. WELT; 264 Hokianga, WELT; 
265 Thames, Petrie Herb. WELT; 266 Little Barrier Is. WELT; 267 Thames, 
Petrie Herb. WELT; 283 Little Barrier Is. 

M. canninea W. R. B. Oliver. (Figs. 3, 4; Plate 2, fig. 16.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 
truncate, sides of amb concave to slightly convex (90% concave or slightly con¬ 
cave) ; angulaperturate, tricolporate (occasionally di- or tetracolporate), para¬ 
syncolpate, colpi long, narrow, ora lalongate, vestibules if present very small, 
ectexinous islands present on apocolpia of 80% of grains, polar area index 0.2-0.3; 
exine 0.6-0.9/* thick, patternless or faintly sculptured, ect- and endexine of 
approximately equal thickness, often not distinguishable. 

Size Ranges E P 

(a) 14 (16) 18/* 9 (12) 14/* 

(b) 12 (15) 19/* 8 (10) 13/* 

(c) 14 (16) 19/* 

Material. 160 Tolaga Bay; 165 Otari Plant Museum (Cult); 211 Auckland, 
VUW; 248 Mt. Wellington, Petrie Herb., WELT; 249 Auckland, Petrie Herb. 
WELT; 250 Te Akatea, Petrie Herb. WELT; 251 Auckland, Petrie Herb. WELT; 
252 Epsom, Petrie Herb. WELT; 253 Panmure, Petrie Herb. WELT; 254 Auck¬ 
land, WELT. 

M. fulgens Sol. ex Gaertn. (Figs. If, 3, 4.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or trun¬ 
cate, sides of amb concave to convex (70% straight) ; angulaperturate, tricol¬ 
porate (rarely di- or tetracolporate), parasyncolpate, colpi long, narrow, ora 
lalongate, vestibules if present very small, ectexinous islands present on apocolpia 
of less than 20% of grains, polar area index 0.2-0.3; exine 0.6-1.0/* thick, pattern¬ 
less or faintly sculptured, ect- and endexine of approximately equal thickness, 
usually not distinguishable. 

Size Ranges E P 

(a) 14 (15) 17/* 11 (12) 14/* 

(b) 14 (17) 19/* 9 (11) 13/i 

(c) 14 (16) 18/* 

Material. 135 Wainui, Paekakariki; 136, 138, 139 Wadestown; 137 Karori; 
142 Moonshine; 145 Botanical Gardens, Wellington; 155, 156 Soil Bureau, 
Taita; 161 Ohau R., Tararua Ra.; 187 Lowry Bay; 188 Sentry Hill; 192, 193 
Five Mile Track; 200 Whanganui Inlet. 

M. colensoi Hook. f. (Figs. 3, 4.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 
truncate, sides of amb slightly concave to convex (60% straight); angulaper¬ 
turate, tricolporate (occasionally di-, often tetracolporate), parasyncolpate, colpi 
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long, narrow, ora lalongate, vestibules if present very small ectexmous islands 
present on apocolpia of 70% of grains, polar area index 0 3-0.4; exine 0.6-0.9,* 
thick, patternless or faintly sculptured, ect- and endexme of approximately equal 
thickness, usually not distinguishable. 

Size Ranges E . f „ 

(a) 12 (15) 19 M 9 1 M 

(b) 12 (16) 19 /a 7 (9) 13/a 

Material 31 Silverstream, Wellington; 81 Pakuratahi, Wellington; 

Hunterville; 268 Wellington, WELT; 270 Te Akatea, Petrie Herb., WELT 
Dun Mt. Nelson, T. Kirk 981, WELT; 272 Raglan, Petrie Herb., WELT; 273 
Hunterville, WELT; 274, 275 Te Akatea, Petrie Herb., WELT. 


210 
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M. perforata (J. R. et G. Forst.) A. Rich. (Figs. 3, 4; Plate 2, fig. 14.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 
truncate, sides of amb slightly concave to slightly convex (80% straight); angul- 
aperturate, tricolporate, colpi long, narrow, ora lalongate, vestibules if present 
very small, extexinous islands present on apocolpia of 60% of grains, polar area 
index 0.3-0.4; exine 0.7-0.9/a thick, patternless or faintly sculptured, ect- and 
endexine of approximately equal thickness, usually not distinguishable. 

Size Ranges E P 

(a) 12 (15) 17/a 9 (11) 13/a 

(b) 12 (17) 19/a 8 (10) 11/a 

(c) 14 (15) 17/a 

Material. 66 Botanical Gardens, Wellington; 109-111 Kapiti Island; 124 
Lake Mahinapua; 125 Paraparaumu; 126, 143 Crail Bay; 152 Quartz Hill, 
Makara; 174, 175 Pauatahanui; 184, 185 Waikanac. 


M. diffusa (Forst. f). Smith (Figs. 3, 4.) 

Free, radiosymmetric, isopolar; oblate, amb triangular, angles rounded or 
truncate, sides of amb slightly concave to slightly convex (90% straight); angul- 
aperturate, tricolporate (rarely di- or tetracolporate), parasyncolpate, colpi long, 
narrow, ora lalongate, vestibules if present very small, ectexinous islands present 
on apocolpia of 80% of grains, polar area index 0.3-0.4; exine 0.6-0.8/a thick, 
patternless or faintly sculptured, ect- and endexine of approximately equal thick¬ 
ness, usually not distinguishable. 

Size Ranges E P 

(a) 12 (14) 15/a 9 (11) 13/a 

(b) 12 (14) 17 /a 8 (9) 11/a 

(c) .11 (14) 15/a 

Material. 32-34 Silverstream, Wellington; 62 Pohangina; 74, 75 Gollans 
Valley; 76-80 Pakuratahi, Wellington; 104 Tauherenikau Valley; 106-108 
Kapiti Is.; 127 Marokopa; 128 Hokitika; 141 Moonshine; 170. 171 Waikanae; 
172, 173 Pauatahanui. 


Identification of Genera 

I he New Zealand members of the Myrtaceae have pollen grains which are 
usually distinct generically except that Lophomyrtus and Neomyrtus are practi¬ 
cally indistinguishable from one another. The grains of these two genera, with 
their definite sculpturing and LO-pattern and longicolpate or indefinitely para¬ 
syncolpate colpi, are readily distinguished from the New Zealand members of 
Eugenia, Metrosideros and Leptospermum , which have less definite sculpturing or 
are not sculptured and are parasyncolpate, or as in Leptospermum , syncolpate. 
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Cranwell (1942) considered Eugenia under two exine types “ exine finely 
granular or merely flecked ” and “exine patternless (or at most obscurely 
flecked)”, and in the first group separated it from Myrtus (now Lophomyrtus and 
Neomyrtus) by the furrows meeting in Eugenia to enclose polar islands and not 
doing so in Myrtus. In the second group under “ grains tricolporate, strongly 
flattened, sharply triangular”, she did not separate Eugenia from Metrosideros 
and Leptospermum. Couper (1953: 44) considered that if reasonable numbers 
were present the grains of these three genera could be identified and on p. 45 he 
further noted that the pollen grains of Metrosideros were quite distinct. In this 
study it has been found that the grains of these three genera are generally readily 
distinguishable. 

The syncolpate grains of Leptospermum are quite distinct from the para- 
syncolpate grains of Metrosideros and Eugenia. Even parasyncolpate grains of 
Leptospermum are readily distinguishable because the apocolpia are very much 
smaller than those in the other two genera. Eugenia , with its acute angles and 
conspicuous vestibules, can usually be distinguished from Metrosideros which has 
truncate or rounded angles and either lacks vestibules or has only small ones. 
Occasionally grains of Eugenia which are oblique and do not show the vestibules 
and angles clearly might perhaps be confused with Metrosideros , but such con¬ 
fusion will be negligible. More heavily sculptured grains of Eugenia are readily 
distinguished from Lophomyrtus and Neomyrtus by the very definite parasyn¬ 
colpate form and the acute angles. The angles of the latter two genera are trun¬ 
cate or rounded. 

Identification of grains in equatorial view is often more difficult, but as most 
grains in this view are slightly oblique the features noted above for grains in polar 
view can usually be seen, though often less distinctly. 


Key to the Genera 


A key to the grains of genera present in New Zealand may be set out as follows: — 

1. Grains syncolpate or parasyncolpate, sculpture 

absent or if present rather faint . ..... . 2 

Grains longicolpate or if parasyncolpate obscurely 

so, sculpture distinct ...... .. — Lophomyrtus and Neomyrtus (Plate 

1, figs. 8-15). 


2. Grains parasyncolpate, 12-25/* .- .. 3 

Grains syncolpate or if parasyncolpate apocolpia 

extremely small, 9-20/* . — — Leptospermum (Plate 2, figs. 1-5). 


3 Angles of grains acute and vestibules prominent. Eugenia maire (Plate 1, figs. 1-7). 

Angles of grains rounded, vestibules either lack¬ 
ing or very small . . Metrosideros (Plate 2, figs 6-16). 


Identification of Species 

The usefulness of specific identifications is dependent on a knowledge of the 
geographical ranges and the variety of habitats of the species concerned. Thus, 
if a species has a wide range and variety of habitats (e.g., Leptospermum 
scoparium) its identification is not likely to be of more than academic interest but 
identification of species with limited ranges and habitats (e.g., Metrosideros 
excelsa) is of considerable importance. In this section the specific identification 
of pollen is considered with these factors in mind. In any deposit the pollen 
present will be representative of a number of individual plants of a species and 
perhaps more than one species. For this reason the species identifications are 
discussed on the basis of the known range of variation of the pollen from samples 
from a number of plants of each species. 
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Eugenia maire. This is the only member of the genus present in New Zea¬ 
land. and its pollen is usually readily distinguishable from that of other indigenous 
members of the Myrtaceae. The pollen of E. maire is undoubtedly indistinguish¬ 
able from that of many other members of this very large genus. E. maire occurs 
in lowland swamp- and bog-forest throughout the North Island and in Marl¬ 
borough, and the limited range and restricted habitats make it useful as an indi¬ 
cator of climate and vegetation type. 

Lophomyrtus and Neomyrtus. The pollen of L. bullata, L. obcordata and 
N. pedunculata is practically indistinguishable and no reliable means of identifica- 
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tion have been found. All three species have grains of similar size (Fig. 2) and 
shape. The polar diameter of L. obcordata is usually slightly smaller than 
that of the others, but as grains in equatorial view are not common this 
character is of limited value. The ranges of exine thickness of all three species 
are very similar and though L. obcordata has a slightly greater range than the 
others no distinction is possible. The polar area index has a range of 0.2-0.4 
but the range in individual species is always less than this. In L. bullata the polar 
area index is predominantly 0.3, but 30% of grains have 0.4 and none 0.2, 
whereas in the other species 0.2 predominates and no grains have a polar area 
index of 0.4. Pollen of L. bullata x obcordata is indistinguishable from that of 
the parents. The polar area index is 0.2-0.3 and the range of exine thickness is 
more like that of L. obcordata. 

Though pollen of the Lophomyrtus-Neomyrtus type is readily distinguished 
from that of other New Zealand Myrtaceae it is doubtful whether its identification 
will be helpful in indicating climate or type of vegetation, because of the comp- 
paratively wide range of the three species and the ecologic positions they occupy 
in a community. The pollen is of only limited occurrence in deposits and it is 
not likely to provide any more information than that already provided by the 
more abundant pollen of the dominant species and by the pollen of species with 
more limited geographical ranges. The first appearance of this pollen type in the 
fossil record may be of some importance as a stratigraphic marker. 

Leptospermum. Couper (1953) gave a generic diagnosis based on the New 
Zealand species of the genus and considered that the New Zealand species were 
not consistently separable on pollen characters. Pike (1956) commented: “Grains 
of the 12 species of Leptospermum studied are very uniform; they are all small 
(10-20/a), have a sharply triangular amb with straight or, rarely, slightly concave 
sides, and are syncolpate 55 . The New Zealand species have pollen similar to 
that noted by Pike for Australian species but vary somewhat in the degree of con¬ 
cavity of the sides of the amb and in the nature of the colpi.. 

There are no distinctive features which enable individual grains to be identi¬ 
fied with certainty to species, but provided sufficient grains are present it is 
possible to distinguish in a sample the presence of L. scoparium or L. ericoides 
(pollen indistinguishable from that of the rather restricted L. sinclairii ). Gener¬ 
ally the grains of L. scoparium are slightly larger than those of L. ericoides and 
L. sinclairii (Fig. 2). Pike (1956) recorded the sides of the amb of Leptospermum 
(including L. scoparium) as straight or slightly concave, but the New Zealand 
species often have distinctly concave sides, especially L. scoparium , in which over 
90% of the grains have concave sides. In L. ericoides only 30% of the grains 
have distinctly concave sides and 25% slightly concave sides. About 25% of the 
grains have convex or slightly convex sides, considerably more than in L. scoparium 
which has only about 4% of grains in this class. In every sample of L. scoparium 
examined at least 80% of the grains had concave sides, but individual samples 
of L. ericoides were considerably more variable and only rarely did more than 
60% of the grains have concave sides. 

Large and distinct apocolpia were shown by Couper (1953) in his illustrations 
of recent grains of Leptospermum but Pike (1956) did not observe apocolpia in 
any of the twelve species she studied. Very small apocolpia have been found to 
occur in the New Zealand species, but in no case are they as large as those shown 
by Couper. Probably the grains shown by Couper had been damaged by the 
preparation process so that the exine split along the colpi and rolled back to 
leave an open area which he misinterpreted. The apocolpia seen do not have 
islands of ectexine, and they appear to be formed by slight widening of the colpi 
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at the poles. The feature is very common on grains of L. ericoides and L. sinclairii 
but occurrs only rarely in L. scoparium. 

The presence or absence of apocolpia and the degree of concavity of the 
sides of the amb appear to be of use in distinguishing between L. scoparium and 
L. ericoides in samples which contain a sufficient number of grains and where no 
other grains of similar type are likely to be present. The occurrence in a sample 
of a high proportion of syncolpate grains with concave sides would indicate that 
L. scoparium was the dominant species, whereas the occurrence of grains usuallv 
having small apocolpia but with a low proportion of concave sides would indicate 
the dominance of the L. ericoides type. Though it seems possible to demonstrate 
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Fig. 1.— Eugenia rnaire optical section showing vestibules, ect- and endexine and folded 
ectexine. Fig. 2.— E. rnaire colpi, apocolpium (incomplete island) and sculpture at high 
focus. Fig. 3.— E. rnaire , same grain at slightly lower focus. Fig. 4.— E. rnaire colpus and 
os also protruding angle (light area). Fig. 5.— E. rnaire os and vestibule in optical section. 
Fig. 6.— E. rnaire , dicolporate grain. Fig. 7. — E. maire tetracolporate grain. Fig. 8.— 
Lophohyrtus bullata optical section showing ect- and endexine and small vestibule. Fig. 9. 

L. bullata parasyncolpate grain showing slightly depressed apocolpium. Fig. 10.— L. bullata 
strongly depressed apocolpium and bifurcating colpi. Fig. 11.— Neomyrtus pedunculata 
colpus and os. Fig. 12.— N. pedunculata sculpture along amb. (LO pattern.) Fig. 13.— 
A\ pedunculata os and lack of vestibule. Fig. 14.—iV. pedunculata syncolpate grain. Fig. 

15.— N. pedunculata sculpture on polar surface. 

Figs. 1-3, 6-10, 14, 15. Polar view. Figs. 4, 5, 11-13. Equatorial view. 



Plate 2 



of N.Z.. 


Fig. 1. -Leptospermum scoparium high focus showing colpi and faint sculpturing. 1 1(f * - • ^ 
L. scoparium very small vestibule—optical section. Fig. 3.-— L. ericoides colpi and s* lu 
apocolpia (island lacking) at high focus. Fig. 4.— L. scoparium os and very small vesti u • 
Fig. 5.— L. ericoides colpus and os. Fig. 6. Metrosideros robusta colpi (with ral . 
margin) and apocolpium (island present) at high focus. Fig. 7.- M. robusta, same g 1 " 1 ^ 
at slightly lower focus. Fig. 8.— M. robusta colpi and apocolpium (incomplete island, a 
high focus. Fig. 9.- M. robusta colpus and os. Fig. 10.— M. robusta os, small vesti u e, 
ect- and endexine. Fig. 11.— M. kermadecensis optical section showing exine thickened & 
angles. Fig. 12.— M. excelsa ect- and endexine in optical section. Fig. 13.— M. exce m 
colpi and apocolpium (island present) at focus just below highest. Fig. 14.— M. perjo r(1 
small vestibule, ect- and endexine in optical section. Fig. 15.— M. umbellata high f° cUS : 
colpi (raised margins) and apocolpium (island lacking). Fig. 16.— M. carminea colpi 
(raised margin) and apocolpium (small island) at high focus. 

Figs. 1-3, 6-8, 11-16. Polar View. Figs. 4, 5. 9, 10, Equatorial view, 
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the dominance of L. scoparium or L. ericoides in a sample it would not be possible, 
because of the gradation of each character between species, to show with cer¬ 
tainty that one only of these species was present. 

Because of the wide range, geographically and ecologically, of L. scoparium 
and L. ericoides , especially the former, the identification of the pollen is con¬ 
sidered to be of little use as a climatic indicator. However, the dominance of 
Leptospermum pollen may indicate successional conditions or swamp associations. 

Metrosideros. The pollen of the New Zealand species of Metrosideros is very 
uniform and is similar morphologically to pollen of species from other areas. 
Selling (1947) gave a description for the Hawaiian species and commented: “I 
have found no way of recognising different species, or to distinguish bog forms 
from forest trees, on pollen characters”. Couper (1953) noted that Selling’s de¬ 
scription could be equally well applied to the New Zealand species for which he 
gave a generic diagnosis. He nevertheless considered it possible to recognise 
species groups on pollen characters. 

In the present study it has been found that a certain amount of species group¬ 
ing is possible, but there is a considerable overlap of characters between the 
groups. It is possible, if sufficient grains are present, to demonstrate the presence 
of some species but it is practically impossible to identify individual grains. 

On size range it is possible to separate the larger grains of M. robusta and 
Af. excelsa from those of the other mainland species which all have somewhat 
similar size ranges except M . diffusa which is usually a little smaller (Fig. 3). 
An analysis of variance was carried out to determine whether statistical method 
would support the view that the size ranges of M. robusta and M. excelsa were 
distinct enough to enable these species to be separated from the other mainland 
species—i.e., M. umbellata , M. parkinsonii , M. albiflora, M. carminea, M. 
colensoi, M. fulgens, M . perforata and M. diffusa. M. kermadecensis was not 
included in the analysis. The figures used were percentages obtained from the 
total measurements of equatorial diameter of each species. The method depends 
on a ratio obtained by dividing the mean square of group or species means by 
the mean square of individuals. The ratio was named F by Snedocor (1950, 
222-5), who tabulates its statistical distribution. Reference to the tables shows 
that in the present investigation values of 1.26 or 1.38 would have been signifi¬ 
cant at the 5% and 1% levels respectively whereas lower values would not be 
considered significant. The value of F actually obtained was 28.44 (Table 1) 
considerably above the minimum significant values. Statistical method is thus 
found to clearly support the view that the size range of the pollen of M. robusta 
and M. excelsa is sufficiently distinct to enable these two species to be distinguished 
from the other species. 

Table I.—ANALYSIS OF VARIANCE. 


Degrees Mean 

Source of Variation of Freedom Squares 

Group Means 99 12.88 

Individuals 900 0.45 


F = 12.88/0.45 = 28.44 

The pollen of M. robusta can be distinguished from that of M. excelsa by its 
thicker exine (Fig. 4) even though the two ranges grade into each other. No 
samples of hybrid origin (M. excelsa x robusta) have been examined but, because 
of the stenopalynous nature of the family, the similar pollen morphology of the 
genus, the almost identical pollen of the two species and the close relations of 
the two species, pollen from hybrids would almost certainly be similar to that 
of the two parent species and the exine thickness would probably cover the range 
of the two parents. Polyploidy could perhaps cause increase in size, but there is 
as yet no evidence of size range deviations such as could be attributed to this cause. 
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Cooper (1958) noted that Ad. excelsa x robusta hybrid swarms occur m areas 
where the habitat has been disturbed, mostly by man but also by recent geological 
activity, and where the two parents occur in fairly close proximity to each other. 
The opportunities for hybridisation of the two species were probably rather limited 
in prehistoric times owing to the absence of one or other parent when favourable 
conditions were present, and this was possibly the mam limiting factor. How¬ 
ever. in recent times the opportunities for hybridisation appear to have increased, 
probably because of the activities of man, including plantings ot Ad. excelsa by 
the Maoris, especially about the lakes of the volcanic plateau, as suggested by 
Cooper (1958). It appears that, in general, it should be possible to detect the 
presence of pollen of Af. robusta and/or Ad. excelsa in Quaternaiy deposits, and 
that complications caused by the presence of the pollen of hybrids would be the 
exception rather than the rule. Even if pollen of hybrid origin was present, how¬ 
ever, it should be possible to detect this and also the presence of the pollen of 
the two parents, or at least to infer the presence of the parents. 

The pollen of Ad. kermadecensis has an average size slightly smaller than the 
pollen of Ad. robusta and Ad. excelsa but larger than that of the other species 
examined. (Fig. 3.) The range of exine thickness is somewhat intermediate 
between that of Ad. robusta and Ad. excelsa. In pollen of Ad. kermadecensis the 
exine is often thickened at the angles and the apocolpia often lack ectexinous 
islands. When the islands are present they are usually reduced in size and only 
rarely are they conspicuous as in Ad. robusta and Ad. excelsa. It is extremely 
doubtful that Ad. kermadecensis occurred in New Zealand at any time in the 
past and the possibility of its pollen causing confusion in the identification of 
Adetrosideros species in Quaternary samples is considered extremely unlikely. 

Of the remaining eight species Ad. umbellata is the only one which has pollen 
closely similar to that of Ad. robusta and Ad. excelsa in both size and exine thick¬ 
ness (Figs. 3, 4). However, it does not appear possible to separate any further 
groups on size langes except perhaps Ad. diffusa which averages slightly smaller 
than all the other species examined. In general, in the New Zealand species of 
Adetrosideros , the trees and shrubs produce larger pollen than the lianes. 

A certain number of minor differences occur in the pollen of the smaller size 
group, but it is doubtful whether these are likely to be of use in identification of 
species. In Ad. parkinsonii, Ad. umbellata and Ad. fulgens the majority of grains 
ii*avu no ectexinous islands on the apocolpia. The majority of grains of Ad. parkin - 
sonii and Ad. carminea have concave sides, whereas the sides of all other species 
examined are predominantly straight. The recognition of the presence of pollen 
of species of Adetrosideros, other than Ad. excelsa and Ad. robusta , in any samples 
does not appear possible, however, because of their lack of distinctive characters. 

Pollen of other species of Adetrosideros. Most other species which have been 
described have similar pollen morphology to the New Zealand species. However, 
Ad. parviflora has smaller grains than any other species (9—11/4 x 6-7/a) and lacks 
extensions of the colpi on to the polar surfaces. (Pike, 1956.) Other species de¬ 
scribed by Pike were Ad. leptophylla (18-22/a x 6-8u), and Ad. salomonensis 
(16-18/a x 9-11 /a). 

Ad. linearis (20 x 12.5 n) was described by Erdtman (1952) as tetracolporate. 
Presumably the giains are usually tetracolpora.te and therefore they are rather 
diffeient from those usual for the genus. Though di- and tetracolporate grains 
occui among the New Zealand members of Adetrosideros they are generally not 
very common. Ad. colensoi has more tetracolporate grains than any of the other 
species, but theii occurrence is rather irregular. In some samples as many as half 
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Figure A 

Distribution of exine thickness of New Zealand species of Metrosideros. 


the grains may be tetracolporate, but in most samples tetracolporate grains are 
rather rare. 

Selling (1947) described three species of Metrosideros from Hawaii and found 
that they were very similar. The species were M. macropus (15-19 x 10-12 /a), 
M. rugosa (12-22 x 10-14 /a) and M. polymorpha (16-25 x 9-15 /a). Two samples 
of M. polymorpha were available for examination during the course of the present 
study and the sizes were found to agree with those given by Selling. The exine 
is 0.9-1.3/a thick (mostly 1.1 and 1.2/a) and ectexinous islands are usually present 
cn the apocolpia. The grains are generally slightly larger than those of the closely 
related M. kermadecensis which has less prominent polar islands. The range of 
exine thickness of the pollen of the two species is somewhat similar. 


The Taxonomic Position of Eugenia maire A. Cunn. 

There is a considerable amount of variation in the botanical concepts of the 
genus Eugenia L., the type species of which is E. uniflora L. from Brazil, and the 
different opinions have been summarized by Ingle and Dadswell (1953). These 
authors, in their study of the wood anatomy of the Myrtaceae of the South-West 
Pacific area noted “ that the New World species of Eugenia differ markedly in 
their wood anatomy from the vas.t majority of the species that have been or might 
be referred to Eugenia L. from the South-West Pacific area ”. They set out the 
descriptions of the genus (sens, lat.) under two headings: cc Eugenia A. covering 
the few species from the Pacific region which agree anatomically with the New 
World species (it is possible that botanically some or all of these species fall in 
Jossinia Commers).; and Eugenia B, covering Syzygium and those species similar 
in wood anatomy but for which new combinations have not yet been made.” Since 
no clear anatomical distinctions were observed between Syzygium , Cleistocalyx 









Transactions —Botany 


102 


Vol. 2 


and Acmena , they were placed together in Eugenia B. Eugenia maire was placed 

in Eugenia B. , , 

Pike (1956) found that pollen morphology supported the grouping of Ingle 

and Dadswell (1953) in that pollen of Eugenia B was distinct from that of 
Eugenia A which was similar to Jossinia. Species belonging to Eugenia B of 
Ingle and Dadswell were tabulated by Pike under Acmena, Cleistocalyx, Eugenia 
B (probably Syzygium), and Syzygium. Pike found that the pollen grains of 
Acmena were distinct from those of Cleistocalyx and Syzygium which could not 
be separated. The pollen grains of Eugenia A are longicolpate and generally have 
a patterned surface, but those of Eugenia B and Syzygium are parasyncolpate and 
the pattern is usually absent or only very faint. Pollen of Cleistocalyx is similar 
to that of Eugenia B and Syzygium but different from the longicolpate unpattemed 
grains of Acmena. The pollen of Eugenia maire is parasyncolpate and faintly 
patterned and is similar to the pollen of Eugenia B (including Cleistocalyx and 
Syzygium ). 

Orman (1949) discussed the position of Eugenia in the Old World and con¬ 
sidered that on the basis of its secondary wood structure Eugenia maire should be 
placed in Syzygium, Cleistocalyx, or Acmena. He considered that the distribution 
of these three genera suggested that E. maire belonged to Syzygium rather than 
to Cleistocalyx or Acmena. Pollen morphology supports Orman’s proposal that 
on the basis of wood anatomy Eugenia maire should be removed from the genus 
Eugenia L. which is considered by most authors to be restricted to the New World. 

Orman’s contention that E. maire does not belong to Acmena is also sup¬ 
ported by pollen morphology which, however, contributes no evidence for or 
against his opinion that the species should be placed in Syzygium rather than 
Cleistocalyx. 


The Effect of Different Treatments 


Numerous authors have discussed the effect of the acetolysis method upon the 
size of pollen grains. It is generally considered that acetolysis causes enlargement 
in the size of grains. Harris (1956) discussed the condition and appearance of 
pollen grains under various natural conditions and in the presence of laboratory 
reagents and noted the following conditions; unexpanded, expanded, over- 
expanded, collapsed and swollen. He also commented: “the reagents used in 
the acetolysis method tend to swell the substance of the pollen grain wall, especially 
if heating is prolonged, so that there is an overall increase in size and a propor¬ 
tional increase in thickness of the wall. This is a swelling of the grain as distinct 
from overexpansion. Overexpansion tends to result in asymmetrical bulging and 
changes in size ratio, while swelling does not necessarily affect size ratios—an 
important point . Because of the excess swelling with prolonged heating the 
acetolysis reaction should be stopped immediately boiling point is reached. 


Comparison of Acetolysis and Direct Methods. 

(a) Overall size and average size of species. Results from the present study 
indicate that the effect of acetolysis on pollen of the Myrtaceae is quite variable. 
When the mean from all measurements of acetolysed grains of a species is com¬ 
pared with the mean from all measurements of grains of the same species pre¬ 
pare } tie 11 ( ' r | method no consistent pattern is found among the eighteen 
species examine n fourteen species the means of acetolysed grains are larger, 
w i e in e ot er oui species the means of non-acetolysed grains are larger. 

thp rrwZn T s P e< i ies 1S t ^ ere a difference of more than one micron between 
he means of acetolysed and non-acetolysed grains (see Figs. 2 and 3). Generally 
the size range of acetolysed grains is slightly greater, but in three species the range 
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is smaller and in four species the same. That the means and size ranges of 
acetolysed and non-acetolysed grains of a species are close is not unexpected in 
view of the number of grains measured and the number of samples used. This 
would tend to even out any irregularities in preparation methods and lessen the 
effect of samples consisting of considerable numbers of grains larger or smaller 
than normal, (b) Size in samples of a species. Results from direct preparations 
show that there is often a considerable amount of variation between different 
samples of a species. That the effect of acetolysis is not consistent is readily seen 
when results from acetolysis and direct preparations of the same sample are com¬ 
pared with results from other samples of the same species. (Detailed measure¬ 
ments are given in McIntyre, 1961.) Samples of Metrosideros excelsa show this 
variation. Of twelve samples considered six have a greater mean in acetolysis 
preparations and also a greater standard deviation (with two exceptions where 
the standard deviation remains the same). Four samples have smaller means, 
and two of these have smaller standard deviations. Two samples have the same 
means in both preparations, but greater standard deviations in acetolysis prepara¬ 
tions. Similar variability in means and standard deviations occurs in most of the 
species examined, but in Metrosideros fulgens, M. perforata , M. diffusa and 
Eugenia maire all samples examined have greater means in acetolysis than in 
direct preparations and the standard deviations are also usually greater. In 
M. kermadecensis the means in acetolysis samples are usually smaller. If a method 
increases the standard deviation it is apparent that it affects some grains more 
than it does others and also some samples more than others. 

The Effect of Other Methods. 

Faegri and Iversen (1950) note that acetolysis causes a size change which is 
reported to be different in fossil and recent grains. They suggest the use of 
acetolysis after KOH treatment and report that recent and fossil grains treated 
in this way behave similarly and reach approximately the same size. Boiling with 
KOH before acetolysis is said to remove the adverse effects of the latter, but this 
is very doubtful. Size frequency curves given by Leopold (1956) show large size 
increases of grains treated with KOH before acetolysis over grains treated with 
KOH alone. In the present study one sample each of Metrosideros excelsa and 
M. umbellata were subjected to KOH treatment then acetolysed and in each 
case the means were 3/e higher than those from grains from the samples which 
had only been acetolysed. 

Figures from the small number of samples treated with KOH alone show that 
this method can give results equally as variable as those given by the acetolysis 
and direct methods. 

Consideration of the Usefulness and Significance of the Different Methods. 

Faegri and Iversen (1950) recommend the acetolysis method for morpho¬ 
logical examination but note that “ it must be borne in mind that pollen grains 
which have been treated in this way cannot be used for the purpose of size 
statistics”. The effects of acetolysis are quite variable and may either even out 
or pronounce the effects of the natural variations in size present in any given 
sample or species. When each species is considered as a whole there appears to 
be no definite disadvantage in using the acetolysis method for size studies pro¬ 
viding reasonable care is taken in its use. In fact the method has considerable 
advantages in that the grains are usually much clearer and the features such as 
sculpturing, exine stratification and the form of the apertures are much easier to 
see and measure. The KOH method is probably no better for statistical studies 
of size than the acetolysis method. It is suggested that KOH treatment before 
acetolysis has no value in studies of pollen size. 
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Hayashi (1957) studied the effects of six different methods of .treatment on 
Magnolia grandiflora, and four members of the Betulaceae and found that clear- 
cut consistent trends were not noticeable in the different preparation methods. He 
noted that acetolysis tended to give a relatively large size but that in Betula 
ermani it gave the smallest size of the six methods. His figures for the other 
species of Be.tulaceae, however, do not show any significant differences of pollen 
size between acetolysis and alcohol preparations. Only in Magnolia did acetolysis 
give a size markedly larger than the other methods. 

The continued conflicting reports of the effects of diffeient preparation 
methods show that no one method provides an absolutely reliable standard. It 
is extremely doubtful that such a method will be found. Possibly the direct method 
is the most reliable one in use, but it is not a satisfactory me.thod for the study 
of pollen morphology. No matter what method is used, pollen from different 
plants of a species, or different parts of the same plant, always has a certain 
amount of size variation, and this natural variability must be allowed for in 
interpretations of size ranges or frequencies. Results from this study show that 
the amount and limits of variability of pollen of each species are much the same 
whatever methods are used provided reasonable care and control is exercised. 
Within these limits size is not diagnostic, but in the genus Metrosideros, 
M. robusta and M. excelsa are distinguishable from the other species by their 
larger grains and the effect of the different treatments does not obscure the size 
difference. 


Identification of Myrtaceae Pollen in New Zealand in the 
Tertiary and Quaternary 

That generic identifications are often difficult and specific identifications 
usually not possible is to be expected from the >stenopalynous nature of the family. 
Pike (1956) found that grains of Myrtaceae are more or less uniform but that 
slight differences allowed recognition of certain genera or species. Discussing 
variation within a genus she commented: “ Grains of different species of the 
same genus are usually indistinguishable—e.g., Leptospermum , or they may be 
similar in general features but show a comparatively large range in size—e.g., 
Melaleuca , Eucalyptus. Rarely is it possible to make specific distinctions as in 
Regelia In her key Pike grouped genera with similar grains. Each of the genera 
represented in New Zealand is grouped with a number of other genera with 
similar characteristics. 

There is little or no difference between the pollen grains of many genera of 
the Myrtaceae. Identification of living genera and species from fossil pollen, 
therefore, can only be reliable if there are no grains of similar type, from extinct 
genera and species, in the sample under consideration. Couper (1960) considers 
it likely that the Myrtaceae were more widespread in the Tertiary and that genera 
with grains similar to those of Leptospermum and Metrosideros may have been 
present in New Zealand. Pollen similar to that of Eugenia maire or of the 
Lophomyrtus-N eomyrtus type has not been recorded in New Zealand before the 
Tjpper Pliocene. Pollen of Lophomyrtus and Neomyrtus is not found in quantity 
but that of Eugenia maire may be very abundant in some samples. It is quite 
probable that since the Upper Pliocene no genera with pollen similar to that of 
these three genera have been present in New Zealand. When all factors are con¬ 
sidered it is obvious that attempted identifications of fossil Myrtaceae pollen on 
the basis of the pollen characters of the indigenous species should be restricted 
t( r a time where it is reasonably certain that no other species or genera 

ol the family were present—i.e., of Nukumaruan (Lower Pleistocene) age or 
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younger where the pollen of the typical Tertiary dominants, Nothofagus spp. 
(brassi group) and Tnorites harrisii (? Casuarina) is either absent or extremely 
rare. 


Pollen of Myrtaceae from Post-Glacial Samples 


The use of pollen grains of the Myrtaceae in studies of Post-Glacial vegeta¬ 
tion is here illustrated by an investigation of a peat at YVaikanae, on the West 
Coast of Wellington Province. A superficial peat west of State Highway No. 1, 
1^ miles north of Waikanae (Grid. Reference 609741) was sampled at 6-inch 
intervals to a depth of 12 feet. 

The geological setting suggests that peat accumulation started shortly after 
the coast began to prograde seawards from its highest position in post-glacial 
time, when coastal dunes advanced inland across a sea-cliff cut at the time of 
maximum Post-Glacial transgression, some 6,000 to 4,000 years ago (Te Punga, 
1962). Peat deposition continued until drains were constructed during the last 
century. The peat section thus represents the last few thousand years of Post- 
Glacial time. 

All samples contain very similar pollen assemblages, dominated by those of 
the rimu, Dacrydium cupressinum , and Podocarpus spp. Pollen of dicotyledons 
is relatively common, ancl all of the species identified are now living in the Cook 
Strait region. Only small numbers of pollen grains of Nothofagus sp. (fusca 
group) are present. The climate during the time of peat deposition thus appears 
to have been similar to that of the present day. Metrosideros pollen occurs in 
nearly all samples and its amount varies from rare to abundant. Eugenia and 
Leptospermum are also abundant in some samples. The Metrosideros pollen of 
two samples is considered in detail and that of the other samples compared. 


Table II. 

Size Frequency Distribution of Metrosideros (cf. Fig. 3). 


Sample Ocular Divisions One Division = 2.75 m 



4.5 

5.0 

5.5 6.0 

6.5 7.0 

7.5 

8.0 

8.5 

Av. (M) 

L2573 

— 

— 

— 1 

11 23 

7 

7 

1 

19.6 

M. robusta 

— 

— 

— 2 

10 22 

10 

5 

1 

19.5 

L2577 

1 

4 

17 20 

3 5 

— 

— 

— 

16.1 




Table III. 





Exine 

Thickness Distribution of 

Metrosideros 

(cf. 

Fig. 4). 



Sample 




Microns 



1.5 


0.7 

0.8 0.9 

1.0 1.1 

1.2 

1.3 

1.4 

L2573 


— 

— — 

2 3 

18 

19 

6 

2 

L2577 


2 

7 11 

10 8 

9 

3 

— 

— 


The samples from 12ft to 3ft 6in below the surface contain Metrosideros 
pollen similar in range of size and exine thickness, and may be typified by sample 
1,2577, from four feet below the surface. In L2577, size and exine thickness 
ranges (Tables II and III) show that both groups of Metrosideros pollen are 
represented (see above “Identification of species, Metrosideros ”), but that the 
majority of grains are from the group of species with small pollen grains, prob¬ 
ably M. fulgens , M. perforata , and M. diffusa , and perhaps (judged by the range 
of exine thickness) M. umbellata. Leptospermum pollen occurs throughout the 
section but is most abundant from 5ft to 7ft below the surface. The shape of the 
grains (mostly concave) and the definite syncolpate form wi,th no trace of 
apocolpia makes it almost certain that the Leptospermum pollen is mainly, if not 
wholly, L. scoparium. This interval of abundant Leptospermum pollen perhaps 
represents a time when some adjacent area of forest had been temporarily re¬ 
placed by patches of Leptospermum scrub. 
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From 3ft to 6in below the surface the samples contain Metrosideros pollen 
that is practically all M. robusta. In L2573, for instance (Tables II and III) the 
ranees of size and exine thickness indicate that the species present is M. robusta 
and that little if any pollen of other Metrosideros species is present. During the 
period represented by the top 3ft of the peat section, M. robusta apparently in¬ 
creased in the adjacent forest to become nearly co-dommant with the podocarps 
(at 2ft 6in below the surface) and then decreased again. The surface sample 
contains Metrosideros pollen of both species gioups, and also pollen ol a cultivated 
Eucalyptus sp. which grows in a nearby shelter belt. The Eucalyptus pollen is 
easily distinguished from Metrosideros pollen by its laiger size and exine thickened 
at the angles. 

All samples in the top 3ft of the section contain abundant Eugenia maive 
pollen, indicating swamp forest on or close to the site of deposition, of a type 
still growing in the region at present. Pollen grains of Lophomyrtus and 
Neomyrtus are present in small numbers in some samples. 
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